A new bis(styryl) dye of the pyridine series containing two 18-crown-6 ether fragments forms a pseudocyclic complex with the 1,3-diammoniumpropane dication, which undergoes [2 + 2]-photocycloaddition affording a single cyclobutane isomer.
spectra, which is indicative of reversible E-Z photoisomerization of the dye. According to NMR, the E-to Z-isomer ratio was about 9:1 per styryl fragment. No other photoproducts, apart from the Z-isomers of the dye, were detected.
The addition of 1,3-diammoniumpropane diperchlorate to a solution of (E,E)-2 induced a hypsochromic shift of the LAB (∆l max = 27 nm, Figure 1 , curve 2). Analysis of the 1 H NMR titration ‡ data shows that bis(crown) ether 2 and the H 3 N + -(CH 2 ) 3 N + H 3 cation form a 1:1 complex (log K > 5) in CD 3 CN. The complex has probably a pseudocyclic structure due to the ditopic interaction between the components (Scheme 2). The formation of the pseudocyclic complex implies close proximity Figure 1 UV/VIS spectra of (E,E)-2 (1.6×10 -5 M, 1 cm cell) in MeCN (1) in the absence of diammonium salt and (2) in the presence of H 3 N + (CH 2 ) 3 N + H 3 ·2ClO 4 -at a concentration of 1×10 -3 M. Curve 3 is the spectrum of the solution containing the diammonium salt after extended photolysis with visible light. (2, 3, 5, 6, 8, 9, 11, 12, 14, 4, 7, 10, 13, (2,3,5,6,8,9,11,12,14,15-decahydro-1,4,7,10,13,16-benzohexaoxacyclooctadecin-18-yl between the styryl fragments of the dye, as the H 3 N + (CH 2 ) 3 N + H 3 cation is rather short. This proximity is manifested in the 1 H NMR spectra as an upfield shift of the signals of some aromatic and ethylene protons of the dye (∆d H up to 0.55 ppm), because they get in the shielding regions of the conjugated fragments. The existence of ditopic interaction in (E,E)-2· H 3 N + (CH 2 ) 3 N + H 3 is additionally confirmed by the fact that the stability constant of this complex is much higher than typical stability constants of complexes formed by ammonium cations with mono-18-crown-6 ethers (log K £ 4). 9 On long-term photolysis of the (E,E)-2·H 3 N + (CH 2 ) 3 N + H 3 complex with visible light, the absorption at about 400 nm disappeared almost entirely (Figure 1, curve 3 ). Analysis of the 1 H NMR spectra of the photolysis products shows that the dye underwent stereospecific PCA in the pseudocyclic complex to give a single isomer of a cyclobutane derivative § (compound 3, Scheme 2). The spectrum of the cyclobutane protons of 3 was found to fit well to an AA'BB' spin system ¶ with the vicinal coupling constants 3 J H(1*),H(4*) = 3 J H(2*),H(3*) = 6.2 Hz and 3 J H(1*),H(2*) = 3 J H(3*),H(4*) = 4.7 Hz (Figure 2) . A similar cyclobutane sub-spectrum has been reported previously for one of the two cycloadducts formed upon photolysis of the barium complex of a 15-crown-5-containing bis(styryl) benzothiazole dye. 12 By analogy, the rctt type structure was assigned to cyclobutane isomer 3. This structure could result from concerted cycloaddition of two syn-head-to-head styryl residues of (E,E)-2. The stereospecificity of PCA in the complex (E,E)-2·H 3 N + -(CH 2 ) 3 N + H 3 is apparently due to the rigid structure of the meta-xylyl spacer and the small length of the diammonium cation, which minimise the number of conformations of the pseudocyclic complex with an orientation of the C=C bonds favourable for cycloaddition.
In the case of dye (E,E)-2, two pairs of pyridine protons, H(2) and H (6) 2,3,5,6,8,9,11,12,14,15-decahydro-1,4,7,10,13,16-benzohexaoxacyclooctadecin-18-yl)-9,17-diazoniapentacyclo[15.2.2.2 6,9 .1 11, 15 .0 2, 5 ]-tetracosa-1(19), 6,8,11,13,15(24) ,17,20,22-nonaene diperchlorate (rctt-3). A solution of dye (E,E)-2 (6.4 mg, 5.6 µmol) and 1,3-diammoniumpropane diperchlorate 9 (3.1 mg, 11.2 µmol) in acetonitrile (10 ml) placed in a thin-walled glass flask was irradiated with light of a 60 W incandescent lamp (70 h; distance from the light source, 15 cm) and then evaporated in vacuo. According to 1 H NMR data, the residue consisted of initial dye 2 and photoadduct rctt-3 in a ratio of 1:8. the cyclobutane protons, H(1*) and H(2*), and the H(5) protons, to H(3*) and H(4*), i.e., the photocycloadduct has the spatial structure shown in Scheme 2.
To elucidate the possible influence of the length of the polymethylene chain in the diammoniumalkane cation on the photochemical properties of pseudocyclic complexes of dye (E,E)-2, we used 1,12-diammoniumdodecane diperchlorate. We found that the complex (E,E)-2·H 3 N + (CH 2 ) 12 N + H 3 (∆l max = 19.5 nm) does not undergo PCA upon long-term photolysis with visible light. The photolysis products were a mixture of the E-and Z-isomers of dye complexes. The lack of PCA in (E,E)-2·H 3 N + -(CH 2 ) 12 N + H 3 is apparently due to steric factors, in particular, to the relatively large average distance between the styryl fragments.
Thus, diammoniumalkane salts can pre-organise dye (E,E)-2 toward stereospecific intramolecular PCA. The feasibility of this photoreaction depends on the length of a polymethylene chain in the diammonium salt. The results demonstrate the possibility of using styryl dyes of this type in information recording and storage systems and as optical molecular sensors for diammonium salts.
